Gauge Field Mimetic Cosmology by Gorji, Mohammad Ali et al.
ar
X
iv
:1
80
7.
06
33
5v
2 
 [h
ep
-th
]  
5 S
ep
 20
18
YITP-18-77, IPMU18-0122
Gauge Field Mimetic Cosmology
Mohammad Ali Gorji1∗, Shinji Mukohyama2,3†,
Hassan Firouzjahi1‡, Seyed Ali Hosseini Mansoori4§
1School of Astronomy, Institute for Research in Fundamental Sciences (IPM)
P. O. Box 19395-5531, Tehran, Iran
2Center for Gravitational Physics, Yukawa Institute for Theoretical Physics, Kyoto University,
606-8502, Kyoto, Japan
3Kavli Institute for the Physics and Mathematics of the Universe (WPI), The University of Tokyo
Institutes for Advanced Study, The University of Tokyo, Kashiwa, Chiba 277-8583, Japan
4 Faculty of Physics, Shahrood University of Technology,
P.O.Box 3619995161 Shahrood, Iran
Abstract
We extend the mimetic cosmology to models containing gauge invariant p-forms. The
0-form case reproduces the well-known results of the mimetic dark matter, the 1-form
corresponds to the gauge field mimetic model while the 2-form model is the Hodge dual
of the 0-form model in 4 spacetime dimensions. We study the cosmological applications
of the new gauge field mimetic model and show that it generates an energy density
component which mimics the roles of spatial curvature. In the presence of the Maxwell
term, the model also supports the flat, open and closed de Sitter-like cosmological
backgrounds while the spatial geometry is flat for all three cases. We perform the
cosmological perturbations analysis and show that the model is stable in the case of
open de Sitter-like solution while it suffers from ghost instabilities in the case of the
closed de Sitter-like solution.
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1 Introduction
Recently, the mimetic gravity has been suggested as a modification of general relativity such
that one isolates the conformal degree of freedom of the metric by means of a scalar field [1].
The setup can be equivalently realized from degenerate conformal/disformal transformation.
The number of degrees of freedom then increases such that the longitudinal mode of gravity
turns out to be dynamical [2, 3]. Evidently, this new degree of freedom can play the roles of
dark matter in cosmological setup [4]. Apart from these interesting features of the mimetic
dark matter model (see Refs. [5] for the recent works), the scalar mode is plagued with
instabilities [6, 7, 8] and without taking into account some coupling between the second
derivative of the scalar field and curvatures, one cannot find healthy perturbations [9, 10, 11].
The model also suffers from caustics that are formed virtually everywhere in the universe
[13, 12].
Here, we would like to seek for the possibility of isolating the conformal degree of freedom
of gravity by means of gauge fields rather than a scalar field. Some attempts have been made
in this direction. In Ref. [12], it is argued that the usual scalar-tensor mimetic gravity cannot
admit rotating dark matter while the vector-tensor counterpart can simulate the rotating
flows of dark matter. It is also shown that the vector-tensor extension of the mimetic gravity
would be free of ghost instabilities [14]. In order to construct mimetic vector-tensor model
via gauge fields, we briefly review the basic idea of the mimetic scalar-tensor gravity from the
conformal/disformal transformation point of view.
Consider the conformal transformation gµν = A(φ,K)g˜µν between the physical metric gµν
and an auxiliary metric g˜µν in which the coefficient A > 0 being the function of scalar field
φ and its canonical kinetic term K = −g˜αβ∂αφ∂βφ1. Then the nontrivial singular limit of
the transformation uniquely fixes the functional form of the conformal coefficient as A = K
[2, 15] (up to an overall factor independent of K) which implies the following transformation
gµν = (−g˜αβ∂αφ∂βφ) g˜µν . (1)
It is easy to see that the physical metric gµν is invariant under the conformal transformation
of the auxiliary metric g˜µν and also satisfy the following constraint [20]
gαβ∂αφ∂βφ = −1 . (2)
The transformation (1) is a particular (conformal) case of more general transformations known
as disformal transformations [16]. The number of degrees of freedom does not change under
non-degenerate disformal transformation [17]. However, the mimetic transformation (1) is
degenerate and the number of degrees of freedom increases such that the scalar field φ is
present even in the absence of usual matter and makes the longitudinal mode of gravity
dynamical.
1We work in the mostly positive metric signature (−,+,+,+).
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On the other hand, one can replace ∂µφ with a vector field Aµ and construct a mimetic
vector-tensor gravity [12] (see also Ref. [18]). These models can be equivalently obtained from
the following mimetic (singular) vector transformation gµν = (−g˜αβAαAβ) g˜µν , provided that
Aµ (instead of A
µ) is transformed to itself. The model then implies constraint gµνAµAν = −1
which is the well-known constraint for Einstein-Aether model [19]. This model however clearly
breaks the local gauge invariance in the corresponding action. In the present paper we are
interested in a gauge invariant generalization of the mimetic scenario. We therefore consider
conformal transformation gµν = A(X)g˜µν in which X = −g˜ραg˜σβFαβFρσ is the standard
Maxwell term and Fµν is the strength tensor associated to the gauge field. Following the
same step as in the case of scalar field, it is straightforward to show that the singular limit of
the transformation is given by (see the appendix A for the detail)
gµν =
(−g˜ραg˜σβFαβFρσ) 12 g˜µν . (3)
Note that the physical metric gµν is invariant under the conformal transformation of the
auxiliary metric g˜µν in (3). Apart from systematic derivation of (3) in the appendix A, it
is easy to understand why the square root of the scalar F 2 has appeared in (3): the inverse
metric enters twice in g˜ραg˜σβFαβFρσ while it appears once in the case of g˜
αβ∂αφ∂βφ.
The inverse of the metric (3) is given by gµν =
(−g˜ραg˜σβFαβFρσ)− 12 g˜µν . Multi-plying it
with another inverse metric and then contracting the result with two strength tensors, it is
easy to show that the conformal mimetic gauge field transformation (3) implies the following
constraint
gµαgνβFαβFµν = −1 . (4)
The above constraint is the gauge-invariant vector extension of the scalar mimetic constraint
(2).
Note that the scalar mimetic constraint (2) is invariant under the shift symmetry φ→ φ+c
where c is a constant while the new proposed mimetic constraint (4) is invariant under the
gauge symmetry Aµ → Aµ − ∂µΛ, where Λ is an arbitrary function. Considering φ to be a
0-form and Aµ to be the components of a 1-form, the goal of this work is to generalize the
results (2) and (4) to a general p-form in a unified manner.
The rest of the paper is organized as follows. In Section 2 we extend the mimetic con-
straint to the general case of gauge invariant p-form. In Section 3 we study the cosmological
applications of the gauge field mimetic model with global O(3) symmetry, corresponding to
the case p = 1. We study both the background dynamics and the cosmological perturbations.
The summary of the paper and some discussions are presented in Section 4. The analysis of
singular conformal transformation which motivates our mimetic constraints for p-form gauge
fields are presented in Appendix A while the equivalence of the two models with p = 0 and
p = 2 is demonstrated in Appendix B.
3
2 Gauge-invariant Mimetic p-forms
In this section, our aim is to formulate the general mimetic p-form constraint which reduces
to the constraints (2) and (4) for the special cases p = 0 and p = 1 respectively.
Consider the p-form potential A on the Lorentzian manifold (M, g) with g being the
metric. The associated field strength will be F = dA where d denotes the exterior derivative.
The gauge-invariant Yang-Mills Lagrangian is given by F∧⋆F . We define 〈F ,F〉 by F∧⋆F =
〈F ,F〉 ⋆1/(p+1)!. For p = 0 and with the scalar potential φ, we find 〈F ,F〉 = ∂µφ∂µφ which
is the standard kinetic term for the scalar field. In the same manner and for p = 1 we find
〈F ,F〉 = FµνF µν where Fµν = ∂µAν − ∂νAµ. The standard mimetic constraint for the scalar
field is given by ∂µφ∂µφ = −1. Having this in mind we propose mimetic p-form constraint to
be
〈F ,F〉 = ∓1 . (5)
For p = 0 and minus sign, the above constraint reduces to the standard scalar mimetic
constraint (2) and for p = 1 and minus sign, it reduces to the gauge field mimetic constraint
(4). The plus sign corresponds to other possibilities.
Having the p-form mimetic constraint (5) in hand, we can easily define the gauge-invariant
mimetic p-form model as
Sp =
1
2
∫
M
[
⋆R− λp
(F ∧ ⋆F ± ⋆1)] = 1
2
∫
M
d4x
√−g [R− λp(〈F ,F〉 ± 1)] , (6)
where λp are auxiliary fields which enforce the mimetic constraint (5).
Note that apart from the cosmological constant term, we can also add a general function
f(〈F ,F〉) to the above action which is forced to be constant by the mimetic constraint (5).
In some sense, this term plays the roles of cosmological constant. We will explicitly see this
fact in the next section.
Let us consider the action (6) for various values of p. For the case p = 0, the above action
gives
S0 =
1
2
∫
d4x
√−g
[
R− λ0
(
∂µφ∂µφ± 1
) ]
. (7)
With the plus sign, the above action is nothing but the action of the mimetic dark matter
model [20]. In the case of minus sign, the vector ∂µφ is space-like while it is time-like in
standard mimetic scenario and plays the roles of the gradient of the velocity potential [1].
For the case of p = 1, we have
S1 =
1
2
∫
d4x
√−g
[
R − λ1
(
FµνF
µν ± 1
) ]
. (8)
Since the electric field gives negative contribution to the F 2 term and the magnetic field
gives positive contribution, depending on the situation we can consider both the positive
and negative signs. We will see that considering three U(1) guage-invariant vector fields and
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assuming a global O(3) symmetry in the field space, the negative sign with purely electric
contribution admits cosmological solution.
For the case of p = 2 and the potential 2-form B = 1
2!
Bµνdx
µ ∧ dxν , we have
S2 =
1
2
∫
d4x
√−g
[
R− λ2
(
JµνγJ
µνγ ± 1
) ]
, (9)
where Jµνγ = ∂µBνγ + ∂νBγµ + ∂γBµν is the component of the field strength 3-form J = dB.
Finally, in the case of p = 3 the field strength is a 4-form, known as top form, and is
proportional to the Levi-civita tensor. The corresponding mimetic constraint then only fixes
the magnitude of a non-dynamical field which does not give any special result.
An interesting fact here is that, similar to the free field p-form models [21], the cases p = 0
with the action (7) and p = 2 with the action (9) are physically equivalent. In appendix B,
we have shown that, at the level of equations of motion, these two models are related to each
other through the Hodge duality. Therefore, the models (7) and (9) with p = 0 and p = 2
describe the well-known mimetic dark matter scenario which was extensively studied in the
literature and we do not consider them any further here.
What remains is the case (8) with p = 1 which we are interested in this paper. This model
is gauge-invariant and can be considered as the mimetic extension of the standard Einstein-
Maxwell model. However, we are interested in cosmological applications of the model and
for this purpose it turns out that the setup can be extended to accommodate a global O(3)
symmetry as we shall study in the next section.
3 1-form model: Cosmological Implications
There is only one gauge field in the mimetic 1-form model (8) which intrinsically carries a
privileged direction and therefore inevitably introduces anisotropy2. We are interested in
cosmological applications of the model (8) but the model does not admit the isotropic FRW
background solution. A natural extension of (8) that makes the model compatible with
homogeneity and isotropy is to consider an orthogonal triplet of gauge fields [22] such that
the field space enjoys a global O(3) symmetry [23]
S =
∫
d4x
√−g
[ 1
2
R − λ
( 3∑
a=1
F (a)µν F
(a)µν + 1
)
− 1
4
E
3∑
a=1
F (a)µν F
(a)µν
]
, (10)
where
F (a)µν = ∂µA
(a)
ν − ∂νA(a)µ , (11)
µ, ν = 0, .., 3 are spacetime indices while a = 1, 2, 3 denotes field space indices. The auxiliary
field λ enforces the mimetic constraint
3∑
a=1
gµαgνβF
(a)
αβ F
(a)
µν = −1 . (12)
2One interesting case is to consider Bianchi geometries in this setup which is not the purpose of this paper.
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The generalization of the calculations of the appendix A to the case of global O(3) symme-
try in field space is straightforward such that one can obtain the above constraint from the sin-
gular limit of the conformal transformation gµν = A(X)g˜µν with X = −
∑3
a=1 g
µαgνβF
(a)
αβ F
(a)
µν .
In the action (10) we have also considered the Maxwell-like term (the term containing E)
which, as we have already mentioned, would play the roles of cosmological constant through
the mimetic constraint (12). Indeed, at the level of the action, it is obvious that one can replace
the Maxwell-like term by a constant term via a redefinition of the Lagrange multiplier λ.
Having a term like a cosmological constant term signals the existence of de Sitter-like solution.
We will explicitly show this fact in the rest of this section by means of the Raychuadhuri and
the Friedmann equations.
Varying the action (10) with respect to A
(a)
µ , we obtain Maxwell-like equations ∇µ
(
(E +
4λ)F (a)µν
)
= 0. Varying the action with respect to the metric, one obtains the Einstein field
equations Gµν = T
µ
ν (in the unit where the reduced Planck mass MP is set to unity), where
Gµν is the Einstein tensor and T
µ
ν is the effective energy momentum tensor given by
T µν =
E
4
δµν + (E + 4λ)
3∑
a=1
F (a)µαF (a)να . (13)
Here, we have used the mimetic constraint (12) to simplify the expression. The auxiliary field
can be easily obtained from the trace of Einstein’s equations as λ = −G/4, where G = Gµµ is
the trace of the Einstein tensor.
3.1 Raychuadhuri equation
Before restricting ourselves to a particular metric, we can understand singularity properties
of the spacetime by considering the Raychuadhuri equation
dθ
dτ
+
1
3
θ2 = −σµνσµν + ωµνωµν − Rµνuµuν , (14)
where σµν is the shear tensor, ωµν is the vorticity tensor, θ = ∇µuµ is the expansion scalar
and uµ is the four-velocity that is a timelike vector field satisfying uµu
µ = −1. The expansion,
shear, and vorticity would be obtained just after choosing a particular metric. On the other
hand, according to the Penrose-Hawking singularity theorem [24], the singularity properties
can be understood from the last term in (14). As long as the strong energy condition is
satisfied, this term is always positive and therefore we conclude that the expansion rate
diverges at some point, signalling the existence of a spacetime singularity. Therefore, we focus
on this term to see whether it can be negative in our setup. From the Einstein equations we
can write Rµνu
µuν = (Tµν − 12Tgµν)uµuν which, after substituting (13), gives the following
result
Rµνu
µuν = −E
4
− 2λ+ (E + 4λ)
∑
a
F (a)αµ F
(a)
να u
µuν . (15)
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Employing the ADM decomposition of the metric
ds2 = −N2dt2 + qij(dxi +N idt)(dxj +N jdt) , (16)
the mimetic constraint (12) can be decomposed into the electric and magnetic parts as follows
−2
∑
a
qijF
(a)
⊥i F
(a)
⊥j +
∑
a
qikqjlF
(a)
ij F
(a)
kl = −1 , (17)
where F
(a)
⊥i ≡ nµF (a)µi with nµ∂µ = (1/N)(∂t − N i∂i), F (a)i⊥ ≡ qijF (a)⊥j and qij is the inverse
of qij. This relation allows us to rewrite the electric part
∑
a q
ijF
(a)
⊥i F
(a)
⊥j in terms of the
magnetic part
∑
a q
ikqjlF
(a)
ij F
(a)
kl . In general u
µ is expanded as uµ = −u⊥nµ+ u˜i(∂/∂xi)µ with
(u⊥)2− qiju˜iu˜j = 1, where u⊥ ≡ uµnµ and u˜i ≡ qijuj. It is then straightforward to show that
F (a)αµ F
(a)
να u
µuν = qijF
(a)
⊥i F
(a)
⊥j − 2u⊥u˜iqjkF (a)⊥j F (a)ik + u˜iu˜jqklF (a)ik F (a)jl
+u˜iu˜j(qijq
klF
(a)
⊥kF
(a)
⊥l − F (a)⊥i F (a)⊥j ) . (18)
For simplicity let us consider a vorticity-free flow with uµ = nµ. Using Eq. (17), Eq. (15)
is then rewritten as
Rµνu
µuν =
E
4
+ (E + 4λ)
∑
a
qijB
(a)iB(a)j , (19)
where we have defined the magnetic field B(a)i ≡ ǫijkF (a)jk /2 and ǫijk is the 3-dimensional
Levi-Civita tensor with ǫ123 = 1/
√
det q. This is interesting if we note that in the case of
vanishing magnetic part B(a)k = 0 (or equivalently F
(a)
ij = 0), the expression (19) reduces to
Rµνu
µuν =
E
4
= constant . (20)
In the standard Einstein-Maxwell theory (with non-vanishing vorticity in general), both
the electric part F
(a)
⊥i and the magnetic part F
(a)
ij contribute to Rµνu
µuν . In our setup, the
mimetic constraint (17) relates electric and magnetic parts to each other such that one can
substitute one in terms of another. In general the second line of (18) remains but if it vanishes
then (20) holds in the case of vanishing magnetic part B(a)k = 0 (or equivalently F
(a)
ij = 0).
The condition (20) also holds for a maximally symmetric spacetime with constant curva-
ture, if it admits a configuration for which the magnetic part of the field strength vanishes
and the second line of (18) also vanishes. For the case of curved spacetime with Lorentzian
signature, in which we are interested here, there are two possibilities that are de Sitter and
anti-de Sitter spacetimes. Regarding our setup with (20), de Sitter and anti-de Sitter cases
are corresponding to E < 0 and E > 0 respectively. The de Sitter case E < 0 implies negative
values for the last term in Raychuadhuri equation (14) which shows that our model (10) can be
nonsingular in this case. The negative values E < 0 for the coupling constant of the Maxwell
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term in (10) would not introduce any disastrous features. This can be easily deduced if we
note that the Maxwell term in (10) is forced to be constant through the mimetic constraint.
Therefore, as we have explicitly shown in (20), the coupling constant of the Maxwell term
in mimetic gauge field model plays the role of the cosmological constant with the effective
cosmological constant Λeff = −E4 . For a de Sitter-like spacetime we require E < 0.
The above discussions show that demanding the magnetic part of the gauge fields to
vanish F
(a)
ij = 0, we can achieve a de Sitter-like solution in our model (10) which can also be
nonsingular. We will see this fact in cosmological chart in the next section.
3.2 Cosmological background equations
In order to have a homogeneous and isotropic solution, we consider the following form for the
components of the vector field [25, 26]
A(a)µ = A(t) δ
a
µ , (21)
in which the function A(t) completely determines the magnitudes of the vector fields. Al-
though we have three different vector fields, we demand that their magnitudes to be exactly
the same. In order to preserve this choice, which admits a homogeneous and isotropic solution,
we have considered the global O(3) symmetry in the field space.
The components of the field strength tensors (11) are given by
F
(a)
0i = A˙ δ
a
j , F
(a)
ij = 0 . (22)
Therefore, the magnetic part of the field strength tensors vanishes within the choice (21) for
the vector fields. This is the desired condition to avoid the singularity in the presence of
Maxwell term in our model (10) which was already shown by means of the Raychuadhuri
equation in (19).
We consider the spatially flat FRW spacetime with background metric
ds2 = −dt2 + a(t)2δijdxidxj , (23)
where a(t) denotes the scale factor. Substituting Eq. (22) into the mimetic constraints (12)
(or equivalently in Eq. (17)), we find that
A˙ =
a(t)√
6
, (24)
where we have assumed that A˙ ≥ 0 without loss of generality.
We now consider the Einstein’s equations in the cosmological background (23) under the
condition (24). The 00 component gives the Friedmann equation
3H2 = 2λ+
E
4
, (25)
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where H(t) = a˙(t)/a(t) denotes the Hubble parameter.
The ii components give the dynamical equation
2H˙ + 3H2 =
2
3
λ− E
12
. (26)
From the above equations, we find the following solution for the auxiliary field λ
λ = −E
4
− 3
2
H˙ . (27)
In the following we consider two cases of E = 0 and E 6= 0. The first is the pure mimetic
effect while the latter includes the effect of the Maxwell term which would mimic the roles of
cosmological constant in our model through the mimetic constraint.
3.2.1 E = 0: Mimetic energy density as a spatial curvature
In the case of E = 0, from Eqs. (25) and (26), we easily find that the setup describes a perfect
fluid with energy density ρ = 2λ and equation of state parameter w = −1
3
which decays as
ρ ∼ a−2 . (28)
Thus the mimetic 1-form model behaves as an effective spatial curvature. This is in a sharp
contrast to the mimetic 0-form model (7), i.e. the original mimetic model [1], that reproduces
a dark matter-like energy density component ρ ∼ a−3 [1].
Therefore, although we have started from a spatially flat FRW universe (23), the mimetic
constraint, the second term in (10), mimics the roles of an effective spatial curvature.
3.2.2 E 6= 0: de Sitter universes
The Maxwell term in (10) is forced to be constant through the mimetic constraint (12) and
therefore it is natural to expect that E plays the roles of cosmological constant as we have
already shown in Eq. (20). Indeed, through a redefinition of the Lagrange multiplier λ, the
Maxwell term can be replaced by a constant term at the level of the action. In order to
explicitly see this fact at the level of the equations of motion, we substitute (27) into the
Friedmann equation (25) which gives
H˙ +H2 =
Λeff
3
, (29)
where the effective cosmological constant is defined as
Λeff = −E
4
. (30)
By integrating Eq. (29) once, we obtain
3
(
H2 +
Keff
a2
)
= Λeff , (31)
9
where Keff is an integration constant.
We have started with a spatially flat FRW universe in Eq. (23), but Eq. (31) is the same
for the flat, closed and open de Sitter universes with Keff = 0, > 0 and < 0, respectively. This
is not surprising if we note that, as demonstrated in the previous subsection, the mimetic
constraint term behaves exactly the same as the spatial curvature. The integration constant
Keff plays the role of the effective spatial curvature and determines the sign of H˙ such that
Keff = 0, < 0 and > 0 correspond respectively to flat, open and closed de Sitter-like universes
which we study in turns below.
Flat de Sitter universe: From equation (27), we can see that the flat de Sitter solution
Keff = 0 corresponds to λ = −E4 . Solving Eq. (31) in this case, we obtain the well-known
results
a(t) = exp(HΛt) , (32)
H(t) = HΛ , (33)
where
H2Λ =
Λeff
3
, (34)
We have chosen the origin of the time coordinate t such that a(0) = 1. This solution is
maximally symmetric and is nothing but the de Sitter spacetime.
Open de Sitter-like universe: Solving Eq. (31) with Keff = −1, we obtain
a(t) =
1
HΛ
sinh(HΛt) , (35)
H(t) = HΛ coth(HΛt) , (36)
where HΛ is defined in (34) and, similar to the flat de Sitter-like case, we have chosen the
origin of the time coordinate t such that a(0) = 0.
The time derivative of the Hubble expansion rate then turns out to be
H˙(t) = −H2Λ csch2(HΛt) < 0 . (37)
The Hubble expansion rate is bounded from below but unbounded from above as HΛ ≤ H <
∞. At the time t = 0, the universe hits the singularity such that the scale factor Eq. (35)
vanishes and the Hubble expansion rate Eq. (36) diverges. This solution is not maximally
symmetric since Keff does not stem from the spatial curvature.
Closed de Sitter-like universe: Now, we focus on the case with Keff > 0 in which the
singularity can be avoided. Solving (31) with Keff = 1, we obtain
a(t) =
1
HΛ
cosh(HΛt) , (38)
H(t) = HΛ tanh(HΛt) , (39)
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in which HΛ is given by Eq. (34) and we have chosen the origin of the time such thatH(0) = 0.
Again, this solution is not maximally symmetric since Keff does not stem from the spatial
curvature.
In order to study the bouncing behavior of the model, it is useful to look at the time
derivative of the Hubble expansion rate which is given by
H˙(t) = H2Λ sech
2(HΛt) = H
2
Λ −H2 > 0 . (40)
From Eq. (39), it is clear that the Hubble expansion rate is bounded as
−HΛ < H < HΛ , (41)
and it approaches ±HΛ as t → ±∞, where Eq. (40) shows that H˙ → 0. In this limit the
universe undergoes an exponential expansion with constant Hubble expansion rate. On the
other hand, the Hubble expansion rate vanishes at t = 0 where the scale factor (38) approaches
its nonzero minimum value amin = H
−1
Λ . The universe starts from the past infinity t→ −∞
with H = −HΛ < 0 and then bounces from the contracting phase with −HΛ < H < 0 into
the expanding era with 0 < H < HΛ at t = 0. Finally, at the future infinity t → +∞, the
Hubble expansion rate approaches the constant maximum value H = HΛ with H˙ = 0 and
a de Sitter phase with effective cosmological constant (30) and exponentially growing scale
factor a(t) = eHΛt arises in this scenario.
From Eq. (40), it is clear that the Hubble expansion rate always grows, H˙ > 0. On the
other hand, H˙ = −1
2
(ρ + p) and therefore we have ρ + p < 0 so the null energy condition
(NEC) is violated. Indeed, the violation of NEC is the common feature of bouncing models
[27, 28] and it is commonly associated with ghost or gradient instabilities in scalar modes
at the linear perturbations level [29]. It is also possible to construct some bouncing models
which violate the NEC without introducing pathologies [30]. In the next section, we will see
that the scalar and vector modes suffer from ghost instabilities whenever H˙ > 0.
3.3 Cosmological perturbations
In order to study the stability of our setup with the action Eq. (10), in this section we perform
its linear perturbations analysis.
The metric perturbations around the background geometry Eq. (23) are given by
δg00 = 2α , δg0i = a
2(∂iβ +Bi) , δgij = a
2(2ψδij + 2∂i∂jE + ∂iFj + ∂jFi + hij) , (42)
while the perturbations in gauge field with the global O(3) symmetry are given by [23]
δA
(a)
0 = Ya + ∂aY , δA
(a)
i = a(t)
[
δQ δia + ∂i(∂aM +Ma) + ǫiab(∂bU + Ub) + tia
]
, (43)
where (α, β, ψ, E, Y, δQ,M,U) are scalar modes, (Bi, Fi, Ya,Ma, Ua) are vector modes, and
(hij, tia) label tensor modes. The vector and tensor modes satisfy the transverse and traceless
conditions
∂iBi = ∂iFi = ∂iYi = ∂iMi = ∂iUi = 0 , ∂ihij = ∂itij = 0 , hii = tii = 0 . (44)
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The diffeomorphism invariance associated with the general coordinate transformation fixes
two scalar modes and two vector modes. For the scalar modes, we work in the spatially flat
gauge with ψ = E = 0 and for the case of vector modes we fix the gauge as Fi = 0. Moreover,
the model (10) enjoys the local gauge symmetry A
(a)
µ → A(a)µ − ∂µΛa. Decomposing Λa into
Λa = ∂aΛ + Λ
⊥
a with ∂aΛ
⊥
a = 0, at the level of linear perturbations we have
δA(a)µ → δA(a)µ − ∂µ∂aΛ− ∂µΛ⊥a , (45)
which for perturbations in Eq. (43) implies
Y → Y − Λ˙ , M →M − a−1Λ , (46)
Ya → Ya − Λ˙⊥a , Ma →Ma − a−1Λ⊥a .
All the other perturbations in Eq. (43) are invariant under the local gauge transformation
(45). The above relations show that one scalar mode and two vector modes are not real
physical degrees of freedom and can be removed through the local transformation (45). Thus,
without loss of generality, we choose M = 0 and Ma = 0.
Apart from the above gauge degrees of freedom, the perturbations are also restricted by
the mimetic constraint (12), which at the linear order implies
√
3
2
aα + ∂2Y − 3δQ˙− ∂2M˙ + ∂iYi − ∂iM˙i + a
2
√
6
hii − tii = 0 . (47)
Imposing the transverse and traceless conditions (44), we can easily see that the mimetic
constraint induced by (47) gives a relation among scalar modes in which we can write one
scalar mode in terms of others as
α =
√
2
3
a−1
(
−∂2Y + 3δQ˙+ ∂2M˙
)
. (48)
Setting M = 0 by the local gauge transformation Eq. (46), this yields
α =
√
2
3
a−1
(
−∂2Y + 3δQ˙
)
. (49)
In conclusion, after fixing all gauge freedoms and imposing the mimetic constraint we
are left with four scalar modes (β, Y, δQ, U), six vector modes (Bi, Ya, Ua), and four tensor
modes (hij , tia). It turns out that the scalar modes (β, Y ) and the vector modes (Bi, Ya) are
non-dynamical. Therefore, the quadratic action takes the following form
S(2) = S
(2)
S
(
δQ, U
)
+ S
(2)
V
(
Ua
)
+ S
(2)
T
(
hij , tij
)
. (50)
Note that the scalar, vector, and tensor modes are decoupled from each other, thanks to the
rotational symmetry of the background and the global O(3) symmetry in the field space of
the model given by the action (10).
Below we study each type of perturbations separately.
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3.3.1 Scalar perturbations
Going to the Fourier space, after some calculations, it is straightforward to show that the
quadratic action for the scalar modes is given by3
S
(2)
S
(
δQ, U
)
= 6
∫
d3kdt a3
(
−H˙
) [
3
(
˙δQ
2 − k
2
3a2
δQ2 +
H˙
H2
(2H˙ + 3H2)δQ2
)
(51)
+k2
(
U˙2 − k
2
a2
U2 − H˙U2
)]
.
From the above action, we can easily see that both scalar modes (δQ, U) become ghost if
we consider the bouncing (closed de Sitter-like) solution Eq. (40) with H˙ > 0. On the other
hand, both of them are free of any ghost and gradient/Laplacian instabilities for H˙ < 0. The
mode U may exhibit a tachyonic instability in infrared (IR) regime k → 0 even for H˙ < 0.
Such infrared instabilities are similar to the standard Jeans gravitational instabilities and are
not necessarily a real pathology of the model [31]. Moreover, in the ultraviolet (UV) regime,
the scalar mode δQ propagates with the squared sound speed c2s =
1
3
while U propagates
with the speed of light. Finally, for H˙ = 0, the coefficients of the kinetic terms for the two
scalar modes vanish and thus they may signal a strong coupling, depending on the behavior
of nonlinear interactions.
3.3.2 Vector perturbations
With the same manner as in scalar perturbations, we can find the quadratic action for the
vector modes in the Fourier space as
S
(2)
V
(
Ua
)
= 9
∑
a=1,2
∫
d3kdt a3
(
−H˙
) [
U˙2a −
k2
3a2
U2a −
5
3
H2U2a
]
. (52)
The two vector modes become ghost for the bouncing (closed-de Sitter like) solution (40)
with H˙ > 0 while they are free of any ghost and gradient/Laplacian instabilities for H˙ < 0.
They also propagate with the squared sound speed c2v =
1
3
in the UV regime and they have
mass proportional to the Hubble expansion rate in the IR regime.
3.3.3 Tensor perturbations
The tensor sector of the model consists of hij from the metric and tij from the gauge fields
and they couple with each other. It is straightforward to show that the quadratic action for
the tensor modes in the Fourier space is
S
(2)
T
(
hij , tij
)
=
1
2
∫
d3kdt a3
(
X˙
T
KX˙+ X˙TNX−XTMX
)
, (53)
3For the sake of simplicity, we denote the Fourier amplitude Ak(t) by A for all of the perturbations.
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where X is a column vector with the component values X i = (h11, h12, t11, t12)
T and XT
denotes its transpose. The 4 × 4 symmetric kinetic matrix K determines the coefficients of
all kinetic terms which has nonzero components
K11 = K22 = 1 , K33 = K44 = −24H˙ , (54)
and the 4× 4 matrix N has nonzero components
N13 = N24 = −4
√
6H˙ . (55)
The coefficients of the gradient and mass terms are determined by 4× 4 symmetric diagonal
matrix M with the following nonzero components
M11 =M22 =
k2
a2
+ 2H˙ , M33 =M44 = −24H˙
(k2
a2
+ H˙
)
. (56)
Regarding the ghost instabilities, all of the information are encoded in the kinetic matrix
K which is diagonal. Therefore each diagonal element in Eq. (54) determines whether the
corresponding mode is plagued with ghost-like instability or not. Since all of the elements
are positive in the case of H˙ < 0, there would be no ghost instabilities for the tensor modes
for H˙ < 0. However, for the bouncing (closed-de Sitter like) solution (40) with H˙ > 0, two of
tensor modes associated with the gauge field tij become ghost.
The computation of the sound speeds is also easy. In the subhorizon limit, k2/a2 ≫ H2,
all components of the friction matrix N are O(k0) and thus do not contribute to the squared
sound speeds. In the same limit the mass matrix M is
M =
k2
a2
K+O(k0) . (57)
Therefore, all four tensor modes propagate with the speed of light in the subhorizon limit and
there is no Laplacian instability in the tensor sector.
4 Summary and Discussions
In the original mimetic dark matter scenario, the conformal degree of freedom of the metric
is isolated by means of a scalar field. In this work, we have extended the original mimetic
scenario to general gauge invariant p-form scenarios. The 0-form case with scalar potential
reproduces the original mimetic dark matter scenario. The 1-form case corresponds to a
vector potential in which the conformal degree of freedom is isolated by the strength tensor of
the vector potential. We have explicitly confirmed this fact by looking at the singular limit of
the associated disformal transformation. We have shown that the remaining 2-form mimetic
model is equivalent to the standard mimetic 0-form model through the Hodge duality.
We then studied the cosmological implications of the 1-form model. Considering a global
O(3) symmetry for the gauge field to allow for isotropic FRW backgrounds, we have obtained
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the associated cosmological background solutions. In comparison with the standard mimetic
0-form model where the scalar field produces a dark matter-like energy density component,
we have found that the 1-form model produces energy density component like the spatial
curvature. Due to the mimetic constraint, the Maxwell term (and any function of it) behaves
like the cosmological constant term. Adding the Maxwell term we then found, flat, open
and closed de Sitter-like solutions. Moreover, for the closed de Sitter-like setup we can obtain
bouncing solution. Performing perturbations analysis, however, we have shown that the closed
de Sitter-like solution suffers from ghost instabilities while the open de Sitter-like solution is
stable. In the case of flat de Sitter-like solution, we found that the quadratic actions for the
scalar and vector modes together with gauge field tensor modes vanish which, depending on
the behavior of nonlinear interactions, may signal that the model is strongly coupled.
While our analysis show that the setup with H˙ > 0 suffers from ghost instabilities, one
may wonder whether the Horndeski’s non-minimal coupling term [33]
3∑
a=1
(
RF (a)µν F
(a)µν − 4RµνF (a)µα F (a)να + RµναβF (a)µνF (a)αβ
)
, (58)
can remove the instabilities and provide stable bouncing solution. We have considered the
effects of the above term on the stability analysis of our model, and have found that it is not
possible to construct a stable bouncing model in our scenario. Specifically, our results show
that we can find a region in the parameter space in which the scalar and vector modes are free
of any ghost and gradient/Laplacian instabilities but the tensor sector is always sick in the
bouncing background. With the mimetic costraint (12), we could generalize the Horndeski’s
non-minimal coupling (58) by allowing the coefficient of the first term to be arbitrary but this
generalization is equivalent to a redefinition of the Lagrange multiplier λ1 and thus does not
change the conclusion.
As we have seen, the effective energy density from the gauge field mimetic constraint
mimics the roles of the spatial curvature in our setup. This inspires us to extend the setup to
the spatially curved FRW universe. In order to do this, a simple analysis shows that we need
to consider the SU(2) gauge symmetry instead of the U(1) × U(1) × U(1) gauge symmetry.
In the limit of zero gauge coupling constant, the model would reduce to the current global
O(3) model and therefore we expect to recover all of our results here. We would like to come
back to this question in the near future.
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A Singular limit of gauge-invariant conformal transfor-
mation
In the Introduction Section, we have mentioned that Eq. (4) would be the natural gauge
field extension of the scalar mimetic constraint Eq. (2). Here we prove our claim through
the same line that Eq. (2) has been realized as the singular limit of a conformal/disformal
transformation [2].
In order to do this, we consider the following conformal transformation between the phys-
ical metric gµν and auxiliary metric g˜µν
gµν = A(X) g˜µν , (A1)
where
X = −g˜µαg˜νβFαβFµν . (A2)
Note that the conformal transformation (A1) is gauge-invariant. Our task is to see whether
the transformation Eq. (A1) is invertible, i.e. if we can find the auxiliary metric in terms of
the physical metric g˜µν(gµν). Since the coefficient A in Eq. (A1) is a function of the auxiliary
metric, we should look at the Jacobian of the transformation. Equivalently, we can study the
following eigenvalue problem for the determinant of the Jacobian [15]
(
∂gµν
∂g˜αβ
− ηi δαµδβν
)
ξiαβ = 0 , (A3)
in which ηi are the eigenvalues and ξ
i
αβ are the associated eigentensors.
From Eq. (A1), we can easily find that
∂gµν
∂g˜αβ
= Aδαµδ
β
ν − 2A,XF αλF βλ g˜µν , (A4)
where the indices in the r.h.s. are raised and lowered by auxiliary metric g˜µν . Substituting
the above result in Eq. (A3) gives
(A− ηi)ξiµν − 2A,XF αλF βλ ξiαβ g˜µν = 0 . (A5)
There are two sets of solutions for the above eigenvalue problem
ηC = A ; ξ
C
µν = wµν , with F
αλF βλ wαβ = 0 ,
ηX = A− 2XA,X ; ξXµν = g˜µν , (A6)
where, following the convention of [3], the superscripts C and X denote the conformal-type
and the kinetic-type eigenvalues. Note that the conformal-type eigenvalue is degenerate with
multiplicity of nine since there is one constraint while the kinetic-type eigenvalue is non-
degenerate. The singular limit of the transformation Eq. (A1) is given by ηi = 0. In the case
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of conformal-type eigenvalue ηC = 0, we obtain the trivial solution A = 0 while for the case
of kinetic-type eigenvalue ηX = 0 we find the following nontrivial solution
A =
√
X , (A7)
where, without loss of generality, we have set the constant of integration to be unity. Substi-
tuting the above result in the conformal transformation Eq. (A1), we obtain Eq. (3).
Therefore, the transformation Eq. (3) is the natural extension of the scalar mimetic
transformation Eq. (1) to the case of gauge field. We have used this analogy in Section (2)
in order to investigate the mimetic constraint Eq. (5) in terms of a general p-form.
B The equivalence of p = 0 and p = 2 models
In this appendix, we show that the mimetic 0-form and 2-form models defined by the actions
(7) and (9) are equivalent to each other. More precisely, using the Hodge duality, we show
that the field strengths of the two models satisfy the same equations of motion.
The 1-form field strength for the p = 0 model with 0-form scalar potential φ is given by
Φ = dφ and the Bianchi identity dΦ = 0 implies
∇µΦν −∇νΦµ = 0 , (B1)
where Φµ = ∂µφ are the components of the field strength tensor. The variation of the action
(7) with respect to φ gives the following modified Klein-Gordon equation
∇α (λ0Φα) = 0 . (B2)
Moreover, the variation with respect to the metric gives the energy-momentum tensor
T µν = 2λ0Φ
µΦν , (B3)
in which we have used the mimetic constraint Eq. (5) in the case of p = 0.
In the case of p = 2 with 2-form potential B = 1
2!
Bµνdx
µ∧dxν , the associated 3-form field
strength is given by J = dB and the Bianchi identity dJ = 0 then implies that
∇αJβµν −∇βJµνα +∇µJναβ −∇νJαβµ = 0 . (B4)
Varying the action (9) with respect to the 2-form potential B, we obtain
∇α (λ2Jαµν) = 0 , (B5)
while the variation with respect to the metric gives the corresponding energy-momentum
tensor as
T µν = λ2J
µαβJναβ , (B6)
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where Jµαβ are the components of the field strength tensor.
Rewriting Eqs. (B4), (B5), and (B6) in terms of the dual of the strength tensor J which
is defined as Jν =
1
3!
ǫαβµνJ
αβµ, we have
∇αJα = 0 , (B7)
∇µ (λ2Jν)−∇ν (λ2Jµ) = 0 , (B8)
T µν = 2λ2J
µJν . (B9)
Comparing (B8) with (B1), we see that the two equations are the same if we consider the
identification
Φµ ↔ λ2Jµ . (B10)
Substituting the above relation into the equations (B7) and (B9) and then comparing the
results with Eq. (B2) and Eq. (B3), we find the following correspondence between the
Lagrange multipliers
λ0 ↔ 1
λ2
. (B11)
In some sense, the above relation shows the weak and strong duality between the 0-form and
2-form models.
In conclusion, we have shown that the 2-form model is the Hodge dual of the standard
mimetic scenario which is given by the 0-form model in our classification.
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